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LETTERS TO THE EDITOR 

A Travelling Wave Linear Accelerator with R.F- Power 
Feedback, and an Observation of ILF. Absorption by Gas 
in Presence of a Magnetic Field 

A trsvcUing wave linear accelerator usually oonaifits of a hij^ frequency power source 
feeding power into b waveguide accelecating tube which is temnnated by a <tummy load 
to abaorb ivitbout reflecdon the power reaching the output end. It has been shown 
(Harvie 1948) that there ia an optimum length of accelerating tube, which corresponds 
to an axienualion of approximately 1*25 nepen» but unfortunately thera are sometimed' 
practical difficulties in making acceJcratDn as' long as the optimum length. This note 
describes means for overcoming some of dusse'difficultics* in which an accelerator of less 
than optimuni length retains its efficiency by utilixtng the power which is usually wasted 
in the dummy load. 

Hie system is shown diagrammadcally in Figure t* in -w^ch antiws indicate the 
ditecdon of pow«r flow. Power is fed back from the ou^ut end of the accelerator and 
combined with the power from the source in a suitable bridge circuit. It is jometimea 
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Figuiel 



F^gUK 2. Feedback qratcm applied to 4 »4ev. 
Bnear sooeleiator. 



desirable that amis (1) and (2) of the bridge should be mutually coniugats, in order to mabe 
the impedance presented to 'iht source constant dunx^ a transient building-up period and 
independent of the ocrclcrator characteriBtics. It can then be shown that the bridge 
circuit must indude a diasipative element whi^ is shown connected to arm (3) exteraallyr 
under steady state condittoos no power is dissipated in this element. Steady state power 
fluxes are shown' on the diagram; the power flux entering the accelerator (l+n)fft, 
is always greater than the power supplied by the source and n ia determined by the attenua* 
tion of the accelerator. Calculationa show that the "efficiency" of die accelenfior, 
V^fWL, incxeasca as the kngth is diminished and ia slightly greater than that of an optimum 
lengdk accelerator with a dummy load at the end. ' . 

Btidgcs of the type requited have been studied previoualy (Tyrell 1947. SmuOin and 
Montgomery 1948) for the special case where and examples will be fsmiliar under 

the names of magic T " and ** Rat-race There seetns to be no great difficulty ia 
designing bridges along similar lines for other vahies of n. 

In a pulse operated system it is necessary for waves to make several transits 
accelerator and feedbw^ loop, aher applicatioti of the pulse, before steady state conditions^ 
ace approached. Calculations show that the build-up time is independent of the lengdi 
and is approximately the same as in a conventional aooekrator of optimum length. • It 
the frequency of the source is varied the power fed back from die end docs not return m 
the oonect phase and the circulating power is reduced. It can be shown diat the pcrmiBsiWc 
fiequency bandwidth is again approximately the same aa in an ordinary accelerator of 
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optunum length; however, .by adding an adjustable phase changer in the feedback path 
it ia possible to maintain the conect circulating power at any frequency and the bandwidth 
is then only limited by the wave-to-electron phasiug in usual way. 

An advantage of the syatem ia that the accelerator can be made ai^ueciabty shorter 
than the optiinum length widiout losing efficiency, which kada to incraned dimensional 
tolerances on the wavegizxde. A shorter waveguide also has a wider.frequency bandwidth^ 
as for as phasing of the wxve to electrons is concerned* and it may also be an advantage 
in practice to allow the frequency of the source to vary as it will within Aia band while 
the operating c on diti on s are kept right by adjusting the phase changer in the feedbadt 
loop. 

For the case of a bridge circuit designed for theoretical curvea can be plotted, 

fw the power in the various arms of the bridge when the phase ssid attenuation in the 
accelerator loop are . varied. Experunental confirmation has been obtained at low c.w. 
power with a mock-up system on a wavelength of 3-2 cm., using a norroat I " Rat-race 
and about 30 wayelcngtfas of rectangular waveguide to represent in sotne measure die 
corrugated waveguide. A OMthod has also been wotked out theoretically and confirmed, 
experimentally for obtaining a suitable aignal which will reset the phase shifier m the 
feedback arm when the nf^agnetron frequency changes. 

It has also been possible to try out the n— 1 system on the. 4 mcv. linear accelentor 
(Fry et ^if, 1948) since the ilf. loss in the accelerator is about 2-5 db. and can be made up 
ID 3 db. with beam loading* The experiment had unfortunately to be carried out in a veiy- 
shorc time and the external waveguide components were not mat^ied as well as they should 
have been ; oonaequendy the thermocouple power ocumitDrs could not be relied upon to 
within 20%, although they were partly compenaated for by die presence of standing waves.. 
It was not therefore possible to verily die power auxea in aU parts of die system; However, 
independent measurements showed that die accelerator operated as if it had an input 
R.F, power fiux of 2- 1-2 -2 Mw. when the magnetrcm power was only about 1*4 MW. The 
energy s|}ectrum . was identical to that previously obtained with the same input power- 
but without feedbacic The maidiiuim power which could be obtained in the accelerator 
was 2*4 MW. and» with a somewhat lower frequency than normal, the mean energy was 
ia2scdto4 5 Mev. but with xxiore than twice the normal spectrum width. These expernpenta 
mdicated that a well matched system would work as predicted, but with one reservation— 
that a somewhat better vacuum is required thnn for an equivalent accelerator without 
feedback. 

It was noticed that the loss in the corrugated waveguide soon after applying the a,ir, 
power but without the gun in operation waa very greatly increased when the focusing field 
was awitdied on. and moreover the ef&ct happened quite critically at about one-third of 
the normal focusing field and was not confined to any particular spot along the length of 
die corrugated waveguide. It has been checked duat the power leaving the aeceleratnr 
m^ m the same inanner for the system without feedback, but since there is no reaction on 

''^P"* eflfcct on this particular accelerator is not serious and had therefore 

not been observed before. The eiiect may be duo to die presence of poaitive ions or electrona 
whiA spiial under die influence of the focusing field and consequently abstract very- 
much greater quaim'ties of energy from the jr-p, wave than if they drifted straight to the 
walla of the tube. As the vacuum cleans up die eflBxt entiidly diaappeara and die operation. 
» as predicted. 

This work was carried out as part of the programme of the Accelerator Group of die 
Attmuc Energy Research Establishment at the Telecommunications Reaearch EBtabUsfaznent.. 
Mdvcm, and acinowledgment is made to the Director, A.E.RJE;., for permission to. 
Pubhsh the results. 
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3rd February 1949. 



R. B. R.-$HBSSa7-HABVIB.. 

L. MuLunr. 



McGiaw^Hiia) — * Micmm DttpUxtrt (New York and London.!: 
T»aHti, W. A., t94S, Pnc. Imt, Radio Engn,, 35» 1294. 




X'. 



PAGE 12/16 * RCVD AT 3/8/2005 10:30:37 AM [Eastern Standard Time] * SVR:USPTO^XRF.1/5 * DN]S:8729306 * CSID:5084777234 ' DURATION (mm-ss):1248 



